The aggregation pheromone of the bean bug, Riptortus clavatus, consists of three components; (E)-2-hexenyl (Z)-3-hexenoate (E2HZ3H), (E)-2-hexenyl (E)-2-hexenoate (E2HE2H), and myristyl isobutyrate (MI). The role of each component to attract the bug was tested in the field using synthetic chemicals. The effectiveness of using E2HZ3H, E2HE2H, or MI alone to attract R. clavatus did not vary from that of the control. Blends of E2HZ3HϩE2HE2H showed no attractiveness to R. clavatus, however, the addition of MI to E2HZ3HϩE2HE2H (tertiary blend) showed significantly higher attractiveness to the bug than that of the control. The E2HE2HϩMI blend was also equally attractive to the tertiary blend. A mixture of 7 mg MI with E2HZ3H (7 mg) and E2HE2H (36 mg) rivaled the single use of 100 mg MI in attractiveness. These findings indicate that MI can exert full attractiveness to the bug only in the presence of E2HZ3H and E2HE2H.
INTRODUCTION
The bean bug, Riptortus clavatus (Thunberg) (Heteroptera: Alydidae), is an economically important pest for soybean (Kim et al., 1992; Mizutani et al., 1999; Son et al., 2000; Osakabe and Honda, 2002; Kang et al., 2003) and tree fruits (Chung et al., 1995) in Korea and Japan. The adult males release a pheromone that attracts the adults of both sexes, conspecific nymphs, and its egg parasitoid, Ooencyrtus nezarae Ishii (Numata et al., 1990; Leal et al., 1995; Mizutani et al., 1997 Mizutani et al., , 1999 Masuta et al., 2001 ). This pheromone was found to consist of three components: (E)-2-hexenyl (Z)-3-hexenoate, (E)-2-hexenyl (E)-2-hexenoate, and myristyl isobutyrate (E2HZ3H, E2HE2H, and MI for short, respectively) at a mixture of 1 : 5 : 1 (Leal et al., 1995) . Among the three components, only MI had attractiveness to R. clavatus (Mizutani et al., 1997; Endo et al., 2003) , and two other components (E2HZ3H and E2HE2H) were equally synergistic to the attractiveness of MI (Endo et al., 2005) .
The dosage and blending ratio-dependent attractiveness has been reported for the pheromones of heteropteran species; attractant pheromone of Leptocorisa chinensis (Leal et al., 1996) , Piezodorus hybneri (Leal et al., 1998) , sex pheromone of Geocoris punctipes (Marques et al., 2000) , Chlorochroa sayi (Ho and Millar, 2001a) , C. ligata and C. uhleri (Ho and Millar, 2001b) , and aggregation pheromone of R. clavatus (Masuta et al., 2001; Endo et al., 2005) . The number of R. clavatus adults caught in pheromone (a mixture of E2HZ3H, E2HE2H, and MI with the ratio of 1 : 5 : 1) traps increased with the increasing amount of pheromone lure up to 100 mg (Masuta et al., 2001) . However, dosages of E2HZ3H and E2HE2H added to MI had no effect on the attractiveness of MI (Endo et al., 2005) . Questions have been raised in previous researches. If MI only has attractiveness among the three components to R. clavatus, what is the function of a MI dose on attractiveness in the presence or absence of E2HZ3H and E2HE2H? Are the mixtures of E2HZ3H and E2HE2H attractive to R. clavatus? No literature has been published answer-ing these questions. In this study, the attractiveness of single use of the three components, as well as their binary and tertiary blends, to R. clavatus was investigated with different dosages in the field.
MATERIALS AND METHODS
Syntheses of pheromone components. The reactions were carried out in oven-dried glassware under nitrogen, and using anhydrous solvents.
1 H-NMR and 13 C-NMR experiments were conducted on a Brucker AW-500 spectrometer. HREIMS was obtained on a JEOLJMS-700 mass spectrometer. IR spectra were obtained using KBr pellets unless otherwise noted. Gas chromatography (GC) analyses were performed on a GC-14A (Shimadzu) using a Supelco wax 10 column (60 mϫ0.32 mmϫ 0.25 mm). The oven temperature was programmed at 80°C for 5 min, increased to 120°C at a rate of 20°C/min, held at this temperature for 30 min, increased to 260°C at a rate of 4°C/min, and held for 50 min.
(E)-2-hexenyl (E)-2-hexenoate. Oxalyl chloride (16.5 g, 0.13 mol) was added to a solution of (E)-2-hexenoic acid (6.4 g, 0.056 mol) in benzene (20 ml) at room temperature. After stirring at 60°C for 2 h, the solvent was evaporated and then the crude material was distilled to yield (E)-2-hexenoyl chloride (6.3 g, 85%: bp 65-67°C/20 mmHg). To a solution of (E)-2-hexenol (5.2 g, 0.052 mol) in CHCl 3 , pyridine (7.4 g, 0.095 mol) and (E)-2-hexenoyl chloride (6.3 g, 0.047 mol) were added successively at 0°C. After refluxing for 1 h, sat. NaHCO 3 (40 ml) was added and the mixture was extracted with EtOAc (30 ml). The organic layer was dried over anhydrous Na 2 SO 4 , evaporated and distilled to give (E)-2-hexenyl (E)-2-hexenoate (8. 8, 13.9, 21.6, 22.6, 34.5, 34.6, 65.2, 121.7, 124.6, 136.3, 149.5, 166.6 .
(E)-2-hexenyl (Z)-3-hexenoate. (E)-2-hexenyl (Z)-3-hexenoate was obtained from (Z)-3-hexenoic acid (5.0 g, 0.044 mol) using the method described in the synthesis of (E)-2-hexenyl (E)-2-hexenoate and purified by distillation (6.5 g, 75%: bp 83- 8, 14.1, 20.9, 22.3, 33.1, 34.6, 65.6, 120.6, 124.4, 135.1, 136.4, 171.8 .
Myristyl isobutyrate. Myristyl isobutyrate was obtained from commercially available isobutyryl chloride (2.7 g, 0.025 mol) using the method described in the synthesis of (E)-2-hexenyl (E)-2-hexenoate and purified by distillation (5. 4, 19.3, 23.0, 26.1, 26.2, 29.0, 29.6, 29.7, 29.8, 29.9, 30.0, 30.5, 32.3, 34.3, 64.6, 177.3 .
Preparation of lures. The synthetic pheromone components were diluted by hexane (97%, Merck, Germany) into a required ratio in each experiment. Rubber septa (13 mm O.D., Sigma-Aldrich, Germany) filled with 2 ml of the solution were put in a fume hood for around 3 h for incorporation of the chemical(s) and evaporation of hexane. A septum impregnated with pheromone chemical(s) was packed in a silver sheet (6.5ϫ10 cm, Green AgroTech, Korea) coated with polyethylene film inside for storage in a refrigerator (4°C). A rubber septum impregnated with hexane only was used as a control.
Exp. 1. Attractiveness of different blends of pheromone components. The attractiveness of different blends of three components of the aggregation pheromone was tested on the bean bug at a sweet persimmon orchard in Jinju, Korea from July 11 to August 1, 2002. The ratio of E2HZ3H, E2HE2H, and MI was fixed as 1 : 5 : 1, based on the results of Leal et al. (1995) . They were used alone or blended. The total amount of each blend was fixed at 50 mg to compare its attractiveness with other works that used the same amount (Mizutani et al., 1997; Endo et al., 2003) . The amount (mg) of E2HZ3H, E2HE2H, and MI per septum was 50ϩ0ϩ0, 0ϩ50ϩ0, 0ϩ0ϩ50, 8ϩ42ϩ 0, 25ϩ0ϩ25, 0ϩ42ϩ8, and 7ϩ36ϩ7 against a hexane blank.
The chemical lure (50 mg) incorporated into the rubber septum was placed in a netted fish trap (13-cm O.D., 28-cm length). The trap is similar to a minnow trap in shape, covered with net on a wire frame and attached with funnel inlets at both sides. The traps were mounted on plastic poles 1 m above the ground surface and at least 10 m apart. R. clavatus females and males caught were removed from the traps and counted every 3 d. Sites of the traps were changed randomly every 3 d. Three traps were allocated to each blend (treatment). This experiment was replicated seven times. The area of the orchard was 6,600 m 2 and planted with 18-yearold sweet persimmon (var. Fuyu).
Exp. 2. Effect of increasing amount of MI on the attractiveness. It was clear from the previous experiment that the main component of the aggregation pheromone of R. clavatus was MI. Therefore, the dosage effect of MI was tested together with or without E2HZ3H and E2HE2H in rubber septum in 3 ha of a soybean field in Sacheon, Korea from September 10 to October 4, 2002. When MI was used alone, the dosage was 1, 10, 50, and 100 mg per rubber septum. The dosages of 50 and 100 mg MI were based on previous works which reported that 50 mg MI was equally (Mizutani et al., 1997) or less attractive (Endo et al., 2003) than 50 mg of aggregation pheromone containing 7 mg MI. When MI was incorporated into the septum together with E2HZ3H and E2HE2H, the dosages were 0.1, 1, 7, and 50 mg per septum. The dosages of E2HZ3H and E2HE2H were fixed at 7 and 36 mg per septum, respectively. In this experiment, the blending ratio 7ϩ36ϩ7 mg of E2HZ3H, E2HE2H and MI is the average ratio of the pheromone system of R. clavatus (Leal et al., 1995) , and was used in other researches (Mizutani et al., 1997; Endo et al., 2003) . Fish traps containing a chemical lure were mounted on plastic poles 1 m above the ground surface, set at 12 m apart. Sites of the traps were interchanged randomly every 3 d. Three traps were employed in each blend treatment. R. clavatus females and males caught were removed and counted every 3 d. This experiment was replicated seven times.
Exp. 3. Effect of different blends of E2HZ3H and E2HE2H on attractiveness. The attractiveness of the E2HZ3HϩE2HE2H blend was not clear in Experiment 1. The number of bugs attracted to the blend was not significantly different from that of the control, and this was the same for MI, E2HZ3HϩMI, and E2HE2HϩMI, which showed no significant differences from that of the tertiary blend. Therefore, the attractiveness of several dosages and blends of E2HZ3HϩE2HE2H were tested with different dosages and blends in 3 ha of a soybean field in Sacheon, Korea from September 26 to October 11, 2003. The E2HZ3H and E2HE2H were used alone or mixed. The blending amounts were determined by combinations of 0, 10, and 50 mg of the two components, according to the ratio (1 : 5) of Leal et al. (1995) . The amounts (mg) of E2HZ3H to E2HE2H tested were 0ϩ10, 0ϩ50, 10ϩ0, 10ϩ10, 10ϩ50, 50ϩ0, 50ϩ10, and 50ϩ50 against a hexane blank. The aggregation pheromone lure (E2HZ3HϩE2HE2HϩMI=7ϩ36 ϩ7 mg per septum) was used as a positive control. Trap setting and investigation of catches were the same as in Experiment 2. This experiment was replicated five times.
Statistical analysis. Field data for the total number of R. clavatus attracted to traps were transcribed to log(xϩ1) before differences between means were tested for significance using Tukey's HSD test at a 5% level (SAS Institute, 1998) . Throughout this paper, treatments labeled with the same letter are not significantly different.
RESULTS

Attractiveness of different blends of pheromone components
The mean numbers of bugs attracted to traps baited with a single component of E2HZ3H, E2HE2H, MI, and binary blends of E2HZ3Hϩ E2HE2H and E2HZ3HϩMI were not significantly different from that of the control (Fig. 1) . The blends of E2HZ3HϩE2HE2H and E2HZ3HϩMI showed no significant difference in attractiveness from that of the corresponding single component. Addition of MI to E2HE2H (and vice versa) attracted a significantly higher number of bugs than the control did, even though the single use of E2HE2H or MI did not. Addition of MI to E2HZ3HϩE2HE2H (the tertiary blend) showed significantly higher attractiveness than the control, the single use of E2HZ3H or E2HE2H, or the binary blend of E2HZ3HϩE2HE2H.
Effect of increasing amount of MI on attractiveness
When MI was used alone up to 100 mg, the mean number of bugs attracted was not significantly different from that of the control (Fig. 2) . However, it was positively proportional to the MI dose. In the mixtures of three components, the number of bugs attracted tended to increase with as the amount of MI increased. Increasing MI up by 7 or 50 mg in the tertiary blend showed significantly higher attractiveness than the control.
Effect of different blends of E2HZ3H and E2HE2H on attractiveness
Traps baited with binary blends and single components of E2HZ3H and E2HE2H could not attract more bugs than the control (Fig. 3) . Three kinds of binary blends (E2HZ3HϩE2HE2H=10ϩ10, 10ϩ50, and 50ϩ50 mg) were found to be less attractive than the tertiary blend (positive control).
DISCUSSION
In our experiments, the single use of E2HZ3H or E2HE2H had no attractiveness to R. clavatus. This is in agreement with the results of Mizutani et al. (1997) and Endo et al. (2003) . Single use of MI, from 1 to 100 mg, also showed no different attractiveness from the control as shown in Figs. 1 and 2 . The attractiveness of MI to R. clavatus has been reported to be different among researchers and even among experiments in the same publication. Mizutani et al. (1997) showed comparable attractiveness of MI with the natural blend of the Japanese population of R. clavatus (E2HZ3H : E2HE2H : MI=1 : 5 : 1). Endo et al. (2005) reported that the efficacy of MI to attract the bugs was significantly or not significantly different from that of the control, but was less than that of the natural blend, according to their experiments. In their previous report, they reported a significantly higher attractiveness of MI than the control, but equal to or less than the natural pheromone blend (Endo et al., 2003) . In spite of this disagreement on the efficacy of MI among experiments, Endo et al. (2005) concluded that MI Fig. 1 . Number of R. clavatus attracted to traps baited with different blends of the three components of its aggregation pheromone. Rubber septum washed with hexane was used as the control (seven replicates, three traps per replicate). certainly attracts R. clavatus. The reason for the difference in the efficacy of MI among researchers may be attributed to the physiological status of R. clavatus, the experimental season (Endo et al., 2005) , the geographical variation in the reaction of R. clavatus to MI, or the controlled-release dispensers, which affect the release rate of pheromone components impregnated to them. We used rubber septa as dispensers, while plastic pellets were used in the experiments of Mizutani et al. (1997) and Endo et al. (2005) .
As shown in Figs. 1 and 3, five dosages of E2HZ3HϩE2HE2H blends showed no different attractiveness to R. clavatus from the control. However, the addition of MI to E2HZ3HϩE2HE2H (and vice versa, tertiary blend) showed significantly higher attractiveness to the bugs than the control. This indicates that the blend of E2HZ3Hϩ E2HE2H cannot play any role as a component of aggregation pheromone without MI, and they have some additive effect on the attractiveness of MI. This means also that MI is a main component in exerting attractiveness, even though E2HE2H is the main ingredient (Leal et al., 1995; Endo et al., 2005) . Mizutani et al. (1997) and Endo et al. (2005) reported that E2HZ3H and E2HE2H had synergistic effects on the efficacy of MI, and did not attract R. clavatus by themselves (Endo et al., 2005) . This was also confirmed by our experiment.
In addition, the efficacy of MI on attractiveness tended to increase by the function of its dose in the tertiary blend. If this is so, it means that we don't need to increase the amount of E2HZ3H and E2HE2H to produce a pheromone lure with higher attractiveness to R. clavatus. Thus, a reduction in production cost will be possible. Endo et al. (2005) tested the efficacy of different amounts of E2HZ3H (25, 50, and 100 mg) and E2HE2H (25, 100, and 250 mg) in the presence of a fixed amount (50 mg) of MI. They found that the attractiveness of E2HZ3HϩMI or E2HE2HϩMI blends to R. clavatus were comparable with the natural pheromone blend of the Japanese population. In our experiment, however, the E2HZ3Hϩ MI blend (25ϩ25 mg) showed no higher attractiveness than that of the control to R. clavatus, even though E2HE2HϩMI was equally attractive for the tertiary blend. The reason for the different reaction of R. clavatus to the E2HZ3HϩMI blend between Korean and Japanese populations is not known at present. However it may be attributed to dosages of MI treated, or to seasonal differences in the physiological status of R. clavatus. Endo et al. (2005) conducted the experiment October 11-22, 2002, and we did our experiment July 11-August 2 of the same year. There is a strong possibility that the adults of R. clavatus in Kumamoto were in the diapausing state, while those of our population were in non-diapausing state during the experimental periods. Adults of bean bugs enter reproductive diapause under a short photoperiod of 13.5 h (Kono, 1989; Nakamura and Numata, 2000) , and diapausing adults began to occur from early September in Kyoto (Numata, 1985) . Our previous experiment revealed that female adults of R. clavatus entered reproductive diapause with no eggs in their ovaries after October in Korea (unpublished data). Mizutani et al. (1997) and Endo et al. (2003) re- Fig. 3 . Effect of single and binary mixtures of E2HZ3H and E2HE2H on attractiveness to R. clavatus. Pheromone lure (E2HZ3HϩE2HE2HϩMIϭ7ϩ36ϩ7 mg) was used as a positive control and rubber septum washed with hexane was used as a negative control (five replicates, three traps per replicate).
ported that pheromone lure (E2HZ3HϩE2HE2Hϩ MI=7ϩ36ϩ7 mg) was almost equivalent to 50 mg MI in attractiveness. In our experiments, the attractiveness of 7 mg MI in the presence of E2HZ3H (7 mg) and E2HE2H (36 mg) was significantly higher than that of the control, and rivaled the single use of 100 mg MI. This indicates that MI can exert full attractiveness to the bug only in the presence of E2HZ3H and E2HE2H. In a pheromone system of another heteropteran species of Piezodorus hybneri, the optimal male response was elicited only by the full mixture of bsesquiphellandrene, (R)-15-hexadecanolide, and methyl 80(Z)-hexadecenoate (ratio of 10 : 4 : 1), even though individual constituents or binary mixtures are active as well (Leal et al., 1998) .
